Abstract. We propose to study the quarkonia (ϕ) propagation in the QGP. We are especially interested in the elastic and inelastic scattering process of these quarkonia in the medium. We developed the Bethe-Salpeter formalism to calculate the elastic cross section (σ elas ) for ϕ − gluon/hadron. Results obtained in this work show that σ elas (ϕ − gluon/hadron) might have non negligible effects in the study of QQ propagation.
Introduction
Among the possible probes of the quark gluon plasma (QGP) properties, quarkonia (ϕ) is an unavoidable observable. Indeed, since 20 years, the suppression of quarkonia created in the first moments of the nucleus-nucleus collision has been studied, either by screening mechanism "Debye mechanism" (Matsui and Satz [1] ) or via the gluo-dissociation of ϕ states that remain strongly bound (Kharzeev [2] ). Nevertheless, the comparison between experimental data and scenarios including suppression mechanisms is not very conclusive.
Rather than focusing only on these "suppressed" quarkonia, an alternative track is to focus also on the physical properties of quarkonia survivors in QGP. In fact, recent results of NA50 and NA60 experiments of nucleus-nucleus collisions at the SPS showed that these quarkonia indeed carry of a non-zero (positive) elliptic flow. This could lead us to reconsider the propagation of these quarkonia in the QGP, especially the elastic scattering process of ϕ with the QGP partons.
In the present study, we investigate the elastic and inelastic scattering of quarkonia in the QGP and in hadronic phase. First, we review briefly the historical models for calculating ϕ − gluon/hadron elastic and inelastic scattering cross sections. Then, the calculation of ϕ + g/q → ϕ ′ + g ′ /q ′ elastic cross section using the formalism equivalent to 1 st order of pQCD (Bethe-Salpeter formalism) is described. Finally, we discuss the results.
σ elas , σ inel calculation formalisms
Several theoretical models were developed to calculate σ elas (ϕ − g/h) and σ inel (ϕ − g/h). Bhanot and Peskin [3] developed a formalism to evaluate quarkonia-partons interactions, based on the application of pQCD. The interactions are taken as a field-dipole point of view. Hadron dependent models were also used to calculate σ inel (ϕ − hadron) (meson exchange model [4] , QCD sum rules [5] . . . ). For σ elas (ϕ − g/h) calculation, one can cite for instance, Hüfner et al [6] , [7] who treat the elastic scattering of quarkonia in the medium as an interaction between the QQ and a background of gluonic field, i.e interactions with successive color field.
We show in this paper that Bhanot and Peskin formula can be rederived using Bethe-Salpeter (BS) formalism [8] . This method is equivalent to the 1 st order in pQCD and is based on the factorization theorem combined with the knowledge of the BS amplitudes of the bound states. Oh et al [9] have used this BS formalism to calculate ϕ − gluon/hadron inelastic cross section. The main motivation of our calculation is that the predictions for the value of σ elas (ϕ−g/h) differ significantly depending on the models, without being systematically related to its counterpart σ inel (ϕ−g/h), and that a common framework and a more precise knowledge of both of those cross section is primordial to study the quarkonia propagation and QQ evolution in the environment.
Bethe-Salpeter Formalism for σ elas
The BS formalism allows us to determine the BS amplitudes for the bound states vertices, which are incorporated in the Feynman diagrams of ϕ − g/h elastic and inelastic scattering process.
The BS formalism is guided by the BS equation. This equation describes the diffusion processes as an infinite sum of Feynman diagrams contributing to the reaction. The diffusion amplitude M of these Feynman diagrams is given as a product of a kernel V and a propagator G (1). If V is small, M can be written as a convergent geometric series of Born, where each term in the series corresponds to a Feynman diagram.
A bound state produces a pole in the matrix diffusion M. The condition for the existence of a pole in M is that the matrix VG has an eigenvalue equal to 1, the corresponding eigenvector "Γ" satisfies Γ = VG Γ. From this condition, we deduce the BS equation for the bound state ϕ (2) (see also Fig.1 ), where Γ is the BS vertex function, 
In equation (2), the physical content is hidden in the term γ ν V (k) γ ν . It gives the complex structure of the bound state of QQ. To treat this vertex, one can decompose it into two contributions: a dominant contribution related to the instantaneous interactions, and a subdominant part, which contains retardation interaction and hyperfine effects. To the order of accuracy we want, as a first study, we consider only the instantaneous interactions.
Using the consistent BS equation satisfied by BS amplitudes, the basic idea is to compute the elastic scattering of quarkonia of different velocities but undergoing diffusions at most semihard; for this, we rely on the Feynman diagrams displayed at Fig. 4 . For ϕ in the rest frame, the BS vertex for a vector particle is given by (3), in function of the wave function ψ(⃗ p ). By introducing the BS amplitude in the BS equation, it becomes similar to a Schrödinger equation for a Coulombic bound state written in the momentum space, allowing for the evaluation of the normalized wave function ψ(⃗ p) of ϕ. By applying Lorentz boost on the BS vertex in the rest frame, we can next obtain the vertex of ϕ at finite velocity.
Once the BS vertices have been mastered, we can evaluate σ elas (ϕ − g/h) and σ inel (ϕ − g/h). 
σ inel (ϕ − g/h): calculation and principal results
The cross section for the gluon dissociation process of the bound state ϕ by the gluons σ inel (ϕ − g/h) in the case of J/ψ (cc) is given in function of gluon energy k by (4) [9] .
To calculate the cross section of the hadron dissociation process σ inel (ϕ − h), one can use the factorization theorem (5), where σ ϕh (ν) (σ ϕg (ν)) is the cross section of ϕ − hadron (ϕ − gluon) interaction, g(x) is the gluons distribution function in the hadron, it's parametrization by BP [9] is given in (5) .
The plot of σ inel (ϕ−g) versus the energy k of the absorbed gluon is given by Fig.2 for different values of the coupling constant α. The plot Fig.3 gives the variation of σ inel (ϕ − h) versus √ s. From these plots, one sees that these cross sections have a threshold. We note also that these inelastic cross sections depend on the binding energy ϵ 0 and on the c-quark mass m c . 
σ elas (ϕ − g): calculation and principal results
This section summarizes the calculation of the Compton diffusion of ϕ. At the Leading Order in coupling constant α, with absorbed and emitted gluons attached to the heavy quark lines, there are 6 diagrams corresponding to the topology of Fig.4-(a) . If we look at the NLO and to NNLO, with the external gluons attached to the exchanged gluons between Q andQ, we have 4 diagrams for the topology Fig.4-(b) , 7 diagrams for Fig.4-(c) , and finally 1 diagram with a 4 gluons vertex Fig.4-(d) . In this contribution, we restricted to the diagrams of the class 4-(a). opening of the inelastic channel. For semi-hard gluons (k ≈ mg 2 ) and for a Coulombic wave function, M is proportional to a form factor, σ elas (ϕ − g) is then given by (6) .
6. σ elas (ϕ − g), σ inel (ϕ − g): comparison and brief discussion To illustrate the interest of elastic processes in the study of the quarkonia propagation in the QGP, we compare σ elas (ϕ − g) and σ inel (ϕ − g). For this purpose, we plot in the same graph Fig.6 , J/ψ − g gluon dissociation and J/ψ − g Compton diffusion and the parton distribution density in the QGP (n mb ), where we take the Maxwell-Boltzmann distribution for a temperature T = 300 MeV (RHIC) and T = 500 MeV (LHC). By examining these curves Fig.6 , one concludes that σ inel (ϕ − g) is certainly larger than the σ elas (ϕ − g), in agreement with the general understanding found in the literature. However, this σ inel (ϕ − g) has a threshold, and it does not involve the majority of the partons in the plasma. On the other hand, the σ elas (ϕ − g) has no threshold, so any parton can diffuse elastically in the plasma. Moreover, the calculation of reaction rates and various transport coefficients imply a folding of the cross sections with the distributions n mb . Thus, we see that the overlap between σ elas (ϕ − g) and n mb is much higher than between σ inel (ϕ − g) and n mb . 
Conclusion
The present study focus on quarkonia propagation and scattering in the QGP and in a hadronic phase. Our preliminary results reveal that the elastic process in the plasma cannot be neglected. On the contrary we have pointed out the importance of such process in the medium. In this context, we developed a formalism to calculate ϕ − g/h elastic cross sections. These results provide some aspects of the QQ pairs propagation in the QGP. The following step will be the development of the propagation model of quarkonia, based on our cross sections calculations.
